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Summary: Oligodeoxynucleotides containing CpG motifs (CpG 
ODN) can alter various immune cell subsets important in 
antibody therapy of malignancy. We undertook a phase I trial of 
CPG 7909 (also known as PF-3512676) in patients with 
previously treated lymphoma with the primary objective of 
evaluating safety across a range of doses, and secondary 
objectives of evaluating immunomodulatory effects and clinical 
effects. Twenty-three patients with previously treated non- 
Hodgkin lymphoma received up to 3 weekly 2-hour intravenous 
(IV) infusions of CPG ODN 7909 at dose levels 0.01 to 0.64 
mg/kg. Evaluation of immunologic parameters and clinical 
endpoints occurred for 6 weeks. Infusion-related toxicity 
included grade 1 nausea, hypotension, and IV catheter 
discomfort. Serious adverse hematologic events observed more 
than once included anemia (2 = Gr3, 2 = Gr4), thrombocyto- 
penia (4 = Gr3), and neutropenia (2 = Gr3), and were largely 
judged owing to progressive disease. Immunologic observations 
included: (1) The mean ratio of NK-cell concentrations 
compared with pretreatment at day 2 was 1.44 (95% 
CI = 0.94-1.94) and at day 42 was 1.53 (95% CI = 1.14-1.91); 
(2) NK activity generally increased in subjects; and (3) 
Antibody-dependent cellular cytotoxicity activity increased 
in select cohorts. No clinical responses were documented 
radiographically at day 42. Two subjects demonstrated late 
response. We conclude CpG 7909 can be safely given as a 2-hour 
IV infusion to patients with previously treated non-Hodgkin 
lymphoma at doses that have immunomodulatory effects. 



Received for publication November 21, 2005; accepted February 14, 
2006. 

From the Departments of *Internal Medicine; ^Pathology; fHolden 
Comprehensive Cancer Center, University of Iowa; Jlowa City 
Veteran's Affairs Medical Center, Iowa City, IA; §University of 
Minnesota, Minneapolis, MN; and HColey Pharmaceutical Group, 
Wellesley, MA. 

Supported by General Clinical Research Center Grants NIH RR00059, 

NCI-P50 CA97274 and a grant from Coley Pharmaceutical Group. 

Arthur M. Krieg is employed by Coley Pharmaceutical Group. 
Reprints: George J. Weiner, MD, University of Iowa, 200 Hawkins 

Drive, 5970Z JPP, Iowa City, IA 52242 (e-mail: george-weiner® 

uiowa.edu). 

Copyright © 2006 by Lippincott Williams & Wilkins 



Key Words: cancer immunotherapy, lymphoma, CpG ODN, 
TLR agonist, phase I trial 

(J Immunother 2006;29:558-568) 



K I on-Hodgkin lymphoma (NHL) frequently responds 
I N to immune modulation as indicated by clinical 
responses to interferon (IFN), interleukin (IL)-2, and 
anti-B-cell monoclonal antibodies (moabs). 1 "" 1 Moabs 
probably work through a variety of mechanisms, includ- 
ing antibody-dependent cellular cytotoxicity (ADCC). 5 " 7 
Speculation regarding the effector cells that mediate 
ADCC centers on macrophages, monocytes, and NK 
cells. 8,9 Recent data demonstrating that CD16 genetic 
polymorphisms predict for response to moab therapy 
provide further evidence that NK or other CD 1 6 ( + ) cells 
play an important role in the antitumor activity of 
moabs. 8 Recent studies suggest that presence of an 
"immune effector" profile on microarrays of gene 
expression predicts for a higher likelihood of response 
to rituximab in follicular lymphoma. 10 Therefore, strate- 
gies to enhance the activation of immune effector subsets, 
including NK cells, may be useful in augmenting the 
clinical efficacy of moab therapy. 

Oligodeoxynucleotides (ODNs) are short sequences 
of chemically modified deoxyribonucleic acids with 
sequence-specific biologic activity. ODNs may have 
sequence complementarity to important cellular genes, 
which inhibit gene translation." These agents are 
commonly referred to as antisense ODNs and are 
currently undergoing extensive evaluation in the 
clinic. 12 " 14 Other ODNs have potent immunostimulatory 
activity determined by both the length and composition 
of the backbone and the sequence of deoxynucleotides. 
ODNs containing unmethylated CG dinucleotides are 
known as CpG ODNs, and have potent immunostimu- 
latory effects. 15,16 In animal models, CpG ODNs have 
been found to have antitumor activity as single 
agents, 17,18 when used as an immune adjuvant in 
cancer vaccine strategies, 19 and in combination with 
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antilymphoma moabs. 19 In humans, CpG ODNs can 
increase expression of several interferon-inducible 
genes. 20 

The receptor for CpG ODN is the pattern receptor 
known as toll-like receptor 9 (TLR9), found in humans in 
B cells and plasmacytoid dendritic cells (PDCs). 16,2 1,22 
CpG ODNs have potent direct stimulatory effects on B 
cells and dendritic cells. Both B cells and PDCs up- 
regulate class II MHC and the costimulatory molecules 
CD80 and CD86 in response to CpG ODN. CpG ODNs 
in select conditions also enhance expression of CD20, 
CD22, CD25, CD52, CD80, and HLA-DR on malignant 
human B cells, all of which are targets for therapeutic 
moabs. 23 ' 24 CpG ODN induces production of a number 
of T H l-like cytokines by PDCs, including IFN-a/P, 
IL-12, IP-10, and other T H l-promoting cytokines and 
chemokines. NK cells are activated secondarily, secreting 
IFN-y and gaining lytic activity. 15 ' 25 ' 26 The overall 
potential effect of these changes induced by CpG ODN 
is to enhance ADCC and NK-mediated lysis. 

Because the mouse and human TLR9 molecules 
have different structures and different fine specificities, 27 a 
CpG ODN optimized for activation of the human TLR9 
was developed. 28 This ODN, CPG 7909 (previously 
published as ODN 2006, and now known as PF- 
3512676), has a nuclease-resistant phosphorothioate 
backbone with 3 unmethylated CpG motifs, one of which 
contains 2 CpG dinucleotides. In preclinical toxicology 
studies, CPG 7909 seemed safe at doses up to lOmg/kg in 
repeat dose toxicity studies using 4 weekly doses of IV 
bolus or 2-hour IV infusions. Like other phosphorothio- 
ate ODNs, administration of high-dose CPG 7909 
induced a slight decline in platelet count, increased 
APTT, and complement activation. 29 CPG 7909 also 
has been tested for safety and immune activation in 
normal volunteers, through both the IV and the SC routes 
of administration at doses from 0.0025 to 0.32mg/kg. 30 

On the basis of the potential importance of ADCC 
and NK-cell activity in patients with lymphoma, the 
immunologic activity demonstrated with CpG ODN in 
preclinical models, and the observed direct effect of CpG 
7909 on the phenotype of primary lymphoma cells in 
vitro, we performed a disease-specific, phase I trial of 
single-agent CPG 7909 in patients with relapsed or 
refractory non-Hodgkin lymphoma. This study was 
designed to: (1) determine the safety and tolerability of 
CpG 7909 over a range of doses; (2) obtain preliminary 
information on the effect of CPG 7909 on ADCC, 
NK-cell activity, effector cell phenotype, and cytokine 
production, and; (3) assess for evidence of clinical 
activity. 

PATIENTS AND METHODS 

Patient Selection 

Adult (age 18 y or greater) men and women with 
relapsed or refractory NHL who failed one or more 
therapies for NHL were eligible for the study. They were 
required to have an ECOG performance status of 0 to 2, 



measurable disease on radiologic imaging or physical 
examination, and adequate bone marrow and visceral 
organ function. Women of childbearing potential were 
required to have a negative serum P-hCG. Human 
Subjects Research Committees at each institution 
approved the study procedures, and all patients provided 
signed, informed consent. Patients were not allowed to 
have corticosteroids (60 mg or more of prednisone or 
equivalent) within 1 week or hematopoietic growth 
factors within 2 weeks of enrollment. Patients were not 
enrolled within 4 weeks of major surgery, radiotherapy, 
chemotherapy, or immunotherapy. 

Patients were excluded if they had uncontrolled 
brain metastases, known preexisting autoimmune or 
antibody-mediated diseases, blood clotting disorders 
(including current therapy with anticoagulants other than 
aspirin), significant cardiovascular or pulmonary disease, 
or were positive for the human immunodeficiency virus. 

Study Design 

Dose ranges for the current study were based on 
animal toxicity data and prior studies of ODNs in 
humans. CPG 7909 was given once weekly as a 2-hour 
IV infusion for 3 consecutive weeks. A schedule of 3 
weekly infusions was selected to be concordant with 
common schedules of clinical moab with the expectation 
that in subsequent studies, CpG 7909 would be started 
with the second infusion of moab to minimize overlap 
between the infusion-related toxicity seen with moab, that 
is generally most severe with the first infusion, and any 
infusion-related toxicity due to the study agent. Patients 
were dosed with CPG 7909 at 1 of 7 sequential dose levels 
including 0.01, 0.04, 0.08, 0.16, 0.32, and 0.64mg/kg (3 
patients each). Subsequently, patients were enrolled at 
dose level 0.48 mg/kg (n = 5). Intrapatient doses were not 
adjusted during the course of treatment for fluctuations in 
weight. Dose-limiting toxicity (DLT) was defined as the 
presence of one or more of the following: (1) National 
Cancer Institute Clinical Toxicity Criteria (NCI/CTC 
version 2) Grade 4 nonhematologic toxicity sustained for 
any length of time; or (2) Grade 3 or 4 hematologic 
toxicity sustained for at least 5 weeks. Grade 4 
nonhematologic toxicity was identified prospectively for 
this study due to risk of transient infusion-related 
toxicities that can easily meet NCI criteria for grade 3 
toxicity. 

Cohorts of 3 patients were evaluated at each dose 
level. If there was no evidence of dose-limiting toxicity in 
any patient 21 days after the final dose was administered, 
then the next dose level was initiated. If 1 patient 
experienced DLT, then 3 more patients were studied at 
that dose level. If more than 1 patient demonstrated DLT, 
dose escalation was halted and subsequent patients were 
studied at a dose level determined as the mean of the 
highest 2 previous cohorts studied. 

Clinical Agent 

CPG 7909 is a 24-mer tricosasodium salt phos- 
phorothioate ODN of the following sequence: 
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5'-TCGTCGTTTTGTCGTTTTGTCGTT-3' dissolved in 
a phosphate-buffered saline solution without preserva- 
tives. Study supply of CPG 7909 was supplied by Coley 
Pharmaceutical Group (Wellesly MA) in 2mL flint glass 
vials at a concentration of 20mg/mL. Drug was stored 
upright at 2 to 8°C, protected from light, and was diluted 
at site in physiologic saline into clear glass containers at a 
final volume of HOmL. One hundred mL was adminis- 
tered as a 2-hour infusion at a continuous rate of 50 mL/h 
once weekly for 3 doses. No premedication or other IV 
hydration was administered. Patients were hospitalized 
and monitored for 24 hours from the onset of each 
infusion. 

Pretreatment and Follow-up Safety Studies 

Patients were evaluated before, during, and after 
CPG 7909 therapy with history, examination, complete 
blood count, urinalysis, pulse oximetry, serum chemistries 
including glucose, renal and hepatic profiles, coagulation 
proteins including protime, activated partial thrombo- 
plastin time and fibrinogen, electrocardiogram record- 
ings, and immunologic assays including erythrocyte 
sedimentation rate, antinuclear antibodies, anti-double- 
stranded DNA, C3, C4, and CH50. Patients were 
examined by the investigator before each infusion. 
Patients were housed overnight in the Clinical Research 
Center and monitored for 48 hours after each infusion. 
Blood samples for coagulation, immune activation, and 
complement activation assays were drawn immediately 
before and 2, 4, 6, 12, 24, and 48 hours after the first 
infusion and before and 2, 4, 24, and 48 hours after the 
second and third infusions. Hematology and serum 
chemistry samples were drawn immediately before and 
2, 24, and 48 hours after each infusion. Blood samples 
were repeated for 1 and 4 weeks after the final infusion. 
A chest x-ray and a 12-lead EKG were obtained within 
14 d of the first infusion and repeated 4 weeks after the 
final infusion. 

Disease Evaluation 

Tumor measurements were obtained by computed 
tomography (CT). Patients were evaluated for measur- 
able disease with CT scans of low neck through pubis 
within 1 month of enrollment. Bone marrow was also 
sampled during this period if not known to be positive 
within the previous 180 days. Patients underwent 
CT scanning procedures again on day 42. Response 
was determined according to International workshop 
Criteria. 31 Evaluations after day 42 were at the discretion 
of the treating physician. 

Pharmakokinetic and Cytokine Assays 

Frozen serum samples were shipped on dry ice. A 
temperature monitor was included with each shipment to 
ensure that the samples remained frozen during shipment. 
Upon receipt, sample identity was verified and sample 
condition assessed. Samples were then transferred to 
- 80°C for storage until analysis. The quantification of 
CPG 7909 in human EDTA plasma was conducted by 



Coley Pharmaceutical Group with a colorimetric hybri- 
dization assay, using capture and detection oligonucleo- 
tides complementary to portions of the sequence of CPG 
7909. The linear range of the assay is 7.8 to lOOOpg/mL 
with a lower limit of quantification of 7.8pg/mL and a 
detection limit of 2.8pg/mL. 

Commercial enzyme-linked immunosorbant assay 
kits were used for quantification of serum IL-6 (HS600), 
IL-12p40 (DP400), IL-18 (7620), TNF-a (HSTA00C), 
MCP-1 (DCP00), and MIP-lp (DMB00), all purchased 
from R&D Systems, Minneapolis, MN, and C-RP (030- 
9710 s) purchased from Alpco Diagnostics, Windham, 
NH. All assays were performed according to the 
manufacturer's specifications. 

An IP- 10 enzyme-linked immunosorbant assay was 
developed to assess serum IP- 10 levels. Briefly, 96-well 
plates were coated with 0.5ug/mL of mouse antihuman 
IP- 10 (BD Biosciences Pharmingen, San Diego, CA, 
23161D). After a blocking step, the plates were washed 
and IP- 10 standards (Human IP- 10, BD Biosciences 
Pharmingen, 24541V) ranging in concentration from 19.5 
to 2500 pg/mL were added as were serial dilutions of the 
test serum. After incubation, secondary antibody, bioti- 
nylated mouse antihuman IP- 10 (BD Biosciences Phar- 
mingen, 23172D), was added, followed after incubation 
with avidin peroxidase (Sigma-Aldrich, Inc, A3 151). 
After washing, a colorimetric substrate was added. 
Absorbance readings for each well were determined. 
Samples that were below the lowest standard were 
considered out of range and recorded as less than the 
lowest standard times the dilution factor. Samples that 
had absorbance readings higher than that of the highest 
standard were further diluted as required and reassessed 
as outlined above. 

Serum Ig levels were evaluated by adding serial 
dilutions of serum to plates coated with mouse antihuman 
IgM IgG Biotin-labeled antihuman IgG or IgM was then 
added followed after washing by a colorimetric substrate 
and evaluation on a microplate reader. Standard curves 
were established using samples with known Ig concentra- 
tions. Samples were assessed in at least duplicate at 
different times and further dilutions were prepared as 
required. Samples were also evaluated for monoclonal 
protein using immunofixation electrophoresis. 

Immunologic Assays 

NK activity was determined using fresh, autologous 
peripheral blood mononuclear cells. These cells were 
assayed for their ability to kill K562 target cells in a 
standard 4-hour 51 Cr-release assay. Lysis was examined 
in wells to which IL-2 (lOOU/mL) was added at the 
beginning of the assay. 

ADCC is not species specific. Therefore, ADCC was 
determined using the NK-resistant CL27A murine 
lymphoma, which lacks human B-cell antigens and has 
been maintained in our laboratory for over 1 5 years for 
ADCC assays. Fresh, peripheral blood mononuclear cells 
obtained from subjects were added to 51 Cr-labeled 
CL27A cells. Polyclonal anti-CL27A lymphoma antibody 
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10 ng/mL, obtained from hyperimmunized mice, was used 
as the source of antibody. Lysis was evaluated after 
4 hours. All assays were performed in duplicate with 
freshly isolated PBMC. PBMC effector activity was 
expressed in Lytic Units, and all values are presented as 
referenced to pretreatment values. 

Three and 4 color flow cytometric analysis of 
PBMCs using standard gating parameters was performed 
to assess numbers of NK, B, and T cells. Some subjects 
had insufficient cell numbers for both functional and 
phenotypic analyses. In such cases, only the functional 
analyses were performed. 

RESULTS 

Patients 

Twenty-three patients received 67 infusions of CPG 
7909 at doses ranging from 0.01 to 0.64mg/kg/w. One 
patient gave additional history of previous diagnosis of 
multiple sclerosis (judged a disqualifying autoimmune- 
related diagnosis) when presenting for the second infusion 
and was removed from study without further treatment. 
Twenty-three patients are evaluable for safety and 
response and 21 for immunologic changes. Patient 
characteristics (Table 1) are notable for median age of 
63 years, a diversity of indolent and aggressive lymphoma 
histologies, generally advanced-stage disease and good 
performance status at time of enrollment. The median 
number of prior treatments was 4. Three patients were 
enrolled at each dose level up through a dose level of 
0.64mg/kg. Five patients were subsequently enrolled at a 
dose level of 0.48 to gain further data regarding safety 
and immunologic activity at that dose level. 

Toxicity 

All patients were assessable for toxicity. The regi- 
men was well tolerated with infrequent transient grade 1 



TABLE 1. Characteristics of Patients Enrolled and Treated 



TABLE 2. Observed Adverse Events (n = 23)* 



Characteristics at Entry 



No patients 


23 


Median age (range) 


63 (36 to 79) 


Sex 




Male 


14 


Female 


9 


Histology 




Diffuse large B cell 


7 


Follicular 


8 


Small lymphocytic 


1 


Peripheral T cell 


1 


Mantle cell 


2 


Other 


4 


Prior chemotherapy courses, median (range) 


4 (1 to 9) 


Stage 
I/II 


9 


III/IV 


14 


Performance status (WHO) 




0 


14 


1 


6 


2 


3 



Anemia 3 


1 


1 


2 


Thrombocytopenia 1 








Neutropenia 4 




2 




Lymphopenia 1 


2 


3 




Dyspnea 1 


4 


2 




Chills/rigors 1 


1 






Nausea/vomit 7 


1 







Hypotension 

Fatigue 

Pain 

Venous/site rxn 
aPTT prolongatioi 
Hypocalcemia 
C0 2 depression 
ALT elevation 
Hyperglycemia 
Proteinuria 



*A11 toxicities grade ^ 3 ai 



and 2 adverse events, including hyperglycemia, nausea, 
chills/rigors, hypotension, and fever. No patient discon- 
tinued therapy secondary to toxicity. All observed 
adverse events are summarized in Table 2. Serious 
adverse hematologic events observed more than once 
include anemia (2 = Gr3, 2 = Gr4), thrombocytopenia 
(4 = Gr3), and neutropenia (2 = Gr3), and were largely 
judged because of progressive disease. Six patients 
developed transient lymphopenia, with a median time to 
lymphocyte recovery of 48 hours or less. Two subjects at a 
dose level of 0.64mg/kg had grade 4 anemia that fulfilled 
protocol defined criteria for dose deescalation. Subse- 
quent evaluation of these 2 subjects suggested that the 
experimental agent was not likely responsible for anemia. 
In 1 case, the subject entered the study with significant 
marrow infiltration with lymphoma and developed 
transfusion dependence in the month after treatment. 
Further marrow studies in this subject revealed progres- 
sive lymphoma infiltration with virtual replacement of 
normal hematopoietic precursors. In the second case, 
transfusion dependence developed within 1 month after 
experimental treatment. Marrow evaluations revealed 
pancytopenia with chromosomal mutation and deletion 
of 7q. This patient was previously treated with cyclopho- 
sphamide, and subsequent evaluation of preenrollment 
marrow samples revealed that the 7q abnormality existed 
before enrollment, indicating a previously unrecognized 
myelodysplasia. Two patients developed grade 3 dyspnea 
judged secondary to progressive lymphoma. Toxicities 
temporally related to the infusion were minimal and 
limited to grade 1 nausea, hypotension, and intravenous 
catheter discomfort. Five patients were noted to 
develop proteinuria (3 = Grl, 2 = Gr2). One patient at 
dose level 0.01 mg/kg developed transient prolongation 
of aPTT, and no patient developed a prolonged protime. 
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No evidence of complement activation was observed in 
serum complement assays. 

CPC 7909 Pharmacokinetics 

All patients exhibited detectable CPG 7909 in the 
serum immediately after conclusion of each 2-hour 
infusion (Fig. 1). Mean postinfusion levels ranged from 
23ng/mL for patients dosed at O.Olmg/kg to 4.8ug/mL 
for patients dosed at 0.64mg/kg. Clearance of drug was 
rapid with a 5 to 50-fold decrease in detectable serum 
CPG 7909 within 2 hours after the completion of the 
infusion. Serum drug kinetics was similar after the first 
(DO) and third (D14) infusions. 

Quantitative NK-Cell Changes 

NK cells (CD56 + , CD3") were increased in 
absolute numbers beginning at day 2 and continuing to 
day 42 in most, but not all subjects (Fig. 2A). In 
comparing pretherapy to posttherapy NK numbers (Fig. 
2B), the mean ratio of NK-cell concentrations at day 2 
was 1.44 (95% CI = 0.94-1.94) and at day 42 was 1.53 
(95% CI = 1.14-1.91). A dose-dependent increase in NK- 
cell number was not evident when analyzed in aggregate 
or at day 42. No consistent changes in numbers of B or 
T cells were noted after therapy (data not shown). 

Qualitative Changes in NK Activity and ADCC 

NK activity of fresh PBMCs measured against 
K562 cells generally increased in subjects compared with 
pretreatment values (Fig. 3). Effector-to-target ratios 
were based on total PBMC, and not NK-cell numbers, 
because NK-cell numbers are not the only determinant of 
NK activity and ADCC. The increase in NK activity was 
most apparent at the lower dose levels studied and 
generally was evident from the third week and frequently 
persisted at evaluation 4 weeks after the last infusion, 
consistent with the quantitative changes seen in NK cells. 
Subject 11 demonstrated the greatest change in NK 
activity in response to CPG 7909. This subject had a low 



lymphocyte count both before and after therapy, which 
prevented phenotypic analysis of the PBMCs in this 
particular case. ADCC was assessed with patient PBMCs 
against the NK-resistant CL27A murine lymphoma, 
which lacks human B-cell antigens. Human effector cells 
can use murine antibody to kill a murine target. There- 
fore, this assay allowed for evaluation of ADCC 
independent of any antibody in the subjects' circulation. 
ADCC activity in several cohorts was relatively un- 
changed over the course of therapy and follow-up 
(Fig. 4). Of notable exception, patients treated with 
0.16mg/kg demonstrated increased ADCC function 
measured during the third week of infusions and 
persisting for at least 1 week thereafter. 

Serum Cytokine Changes 

Serum levels of IL-6 rose transiently after the first 
injection, peaking at 6 to 12 hours (mean peak 
ratios = 3.75; range 2.4 to 5.5) and returned to baseline 
by 48 hours. There were no biologically significant 
changes in other measured serum cytokines (IL-12, 
IL-18, TNF-oc), chemokines (IP-10, MCP-1, MlP-lb), 
or markers of immune activation (IgM, IgG, 
C-reactive protein) at any of the dose levels tested. 

Serum Immunoglobulins 

CpG ODN is known to enhance Ig production by 
benign B cells. We, therefore, evaluated for quantitative 
changes in serum immunoglobulins and for the appear- 
ance of monoclonal gammopathies by evaluating serum 
Ig obtained before and after CpG ODN therapy in 21 
subjects with available serum. Quantitative heavy-chain 
levels in all subjects were within or mildly below normal 
limits and none changed post-CpG ODN treatments by 
more than 20% of baseline (data not shown). Among 
those with > 5% but <20% change from baseline, there 
were 5 subjects with increased levels and 5 with decreased 
levels. Two of 3 subjects with preexisting monoclonal IgM 
serum paraproteins had a slight increase in IgM 
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Day 

FIGURE 2. NK-cell numbers increased in most subjects studied, but there was no clear evidence for a dose response. A, Absolute 
numbers of NK cells in subjects treated at different dose levels. B, Mean NK-cell concentrations for each of the first six dose levels 
at described time points after treatment with CPG 7909. All values are presented as referenced to pretreatment values. The mean 
relative number of NK cells compared with pretreatment at day 2 was 1.44 and at day 42 was 1 .53. 



paraprotein and the other had a decrease. No new 
monoclonal paraproteins were identified. 

Antitumor Activity 

The only formal assessment of response occurred on 
day 42, at which time no patient met NCI consensus 
criteria for response. Two patients subsequently devel- 
oped radiographic evidence of disease regression without 



further therapy, and met International Workshop Criter- 
ia for Complete Response 31 (Table 3). Both subjects had 
low disease burden at time of study enrollment. Patient 
0102, treated at a dose level of 0.01 mg/kg had an isolated 
submandibular node, which was biopsy proven recurrent 
follicular lymphoma at study entry. Serial CT scans 
(Fig. 5) demonstrated resolution of this node beginning 
3 months after receiving study drug, and the patient 
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FIGURE 3. NK activity measured using K562 cells as targets with fresh, peripheral blood mononuclear cells from subjects added. 
NK-effector activity is expressed in Lytic Units, and all values are presented as referenced to pretreatment values. 



is without clinical or CT evidence of disease after 38 
months of follow-up. Patient 0102 is of special interest 
because he also demonstrated a marked increase in 



CD56 + /CD3 _ cells in the periphery after CpG 7909 
administration (Fig. 6). Patient 0211, treated at dose level 
0.16mg/kg, had a solitary pulmonary nodule known to be 





FIGURE 4. ADCC measured using the NK-resistant CL27A murine lymphoma as target cells with fresh, peripheral blood 
mononuclear cells from subjects and 10ng/mL polyclonal anti-CL27A lymphoma antibody added. PBMC effector activity is 
expressed in Lytic Units, and all values are presented as referenced to pretreatment values. 
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TABLE 3. Tumor Measurements (in mm) in Late Responding 
Subjects 



recurrent diffuse large B-cell lymphoma by biopsy at 
study entry. Serial CT scans demonstrated no change in 
the nodule at day 42; however, subsequent CTs revealed 
resolution of this nodule 6 months after study drug. The 
patient developed progression in the lung 15 months later. 

DISCUSSION 

Our study demonstrates the safety of intravenous 
CPG ODN in patients and is the first published 
demonstration of a CPG ODN mediated increase in 
NK cells in previously treated cancer patients. The 
objectives of this study were to establish the safety of 
intravenous CPG 7909 infusions in previously treated 
lymphoma patients over a variety of dose ranges, and to 
observe for any measurable dose-related change in the 
effector cell functions in this potentially immunocompro- 
mised population. Selection of the weekly x 3 infusion 
schedule was based on the anticipated coupling of CPG 
7909 with common schedules of therapeutic moabs. 

Toxicity with ODNs can be both dependent and 
independent of specific base sequence. 32 ' 33 In rodents, the 
immunostimulatory effect of CpG ODNs on B-cell 
proliferation manifests as splenomegaly and adenopa- 
thy. 34 ' 35 No sequence-specific toxicity was observed in 
nonhuman primates with CpG ODNs after IV infusion; 
however, non-sequence-specific toxicity was observed. 
Blood levels of phosphorothioate ODNs above 40 to 
50(xg/mL can interact with blood proteins causing 
idiosyncratic activation of the alternative complement 
pathway and inhibition of intrinsic coagulation mecha- 



nisms. Other organ manifestations are dependent on the 
dose level and frequency of administration but are 
consistent with the known distribution of ODNs to liver, 
spleen, kidney, and bone marrow. 36 ' 37 

The dosing and safety of CPG 7909 has been 
studied in normal volunteers given 1 to 3 doses by the IV 
or SC routes in doses ranging from 0.0025 to 0.64 mg/ 
kg. 30 In a study of subcutaneous dosing (2 injections 
separated by 14 d in doses ranging from 0.0025 to 
0.08mg/kg) in healthy male volunteers, adverse events 
were virtually universal but mild and included injection 
site inflammation, and flulike symptoms with increasing 
frequency associated with rising dose levels at or above 
O.Olmg/kg. Several patients were noted to have a 
transient neutrophilia at 24 to 48 hours posttherapy 
followed by a transient grade 2 to 3 neutropenia resolving 
between days 7 and 1 5, suggesting a short-term compart- 
ment redistribution. In this study of normal volunteers, 
SC CPG 7909 also induced a T H l-like pattern of systemic 
innate immune activation manifested by increased levels 
of IL-6, IL-12p40, IFN-a, and IFN-inducible chemo- 
kines. In contrast, in a similar study of intravenous dosing 
(2 injections separated by 7 d in doses ranging 0.001 to 
0.32mg/kg) in healthy male volunteers, local injection site 
reactions were rare, although systemic flulike reactions 
were described as mild and were reported with equivalent 
frequency in a placebo cohort. No perturbations in 
laboratory parameters including circulating neutrophils, 
cytokines, or chemokines were detected. Before initiation 
of the current study, there was much discussion of 
whether the CpG 7909 should be studied with adminis- 
tration intravenously or subcutaneously. The intravenous 
route in the current study was chosen on the basis of the 
preclinical models demonstrating augmentation of moab 
antitumor effect after systemic bolus administration. 19 

In the current study, using a 2-hour IV infusion of 
doses up to 0.64 mg/kg in patients with previously treated 
NHL, acute toxicity was minimal and consistent with the 
observations of intravenous infusions in normal volun- 
teers. 30 The absence of evidence of complement activation 





(week 18) (month 8) 

FIGURE 5. Serial CT scan images from a single subject demonstrate slow resolution of a left submandibular node beginning 3 
months after receiving study drug. 
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48H post dose 1 



FIGURE 6. Flow histograms pre- and 
poststudy drug treatment of PBMCs 
from patient 0102 demonstrated a 
marked increase in CD567CD3" cells 
in the periphery after CpG 7909 admin- 
istration. Gates were set on lymphocytes 
as determined by forward versus side 
scatter on CD45-positive cells. 




or coagulation abnormalities is consistent with the 
nonhuman primate studies given the low-peak serum 
concentrations of 0.000023 to 4.8 ug/mL of ODNs. These 
findings are similar to those of Friedberg et al 20 when 
studying the CPG ODN 1018 ISS in 4 weekly subcuta- 
neous doses up to 0.5mg/kg. 

In vitro and animal modeling suggests immunosti- 
mulatory CpG ODN, such as CPG 7909, could mediate 
regression of lymphoma by a number of mechanisms. 
First, CpG ODN can enhance killing secondary to NK- 
cell activation. 18 Thus, the secondary objective of this 
study was to observe for measurable change in the 
effector cell functions. Patients in our study demonstrated 
an increase in measured NK-cell number and activity at 
multiple time points after receiving CPG 7909 compared 
with baseline. We found that change in NK numbers and 
in NK activity did not always correlate, suggesting future 
studies evaluating the effect of CpG ODN on both the 
growth and activity of various NK subsets could be 
worthwhile. Although the patients demonstrating the 
greatest relative increase are generally in the lower dose 
ranges studied, there are not enough subjects to make 
definitive conclusions regarding dose as a variable. 
Similarly, variables such as tumor burden, extent of prior 
immunosuppressive therapy, age, and lymphoma subtype 
did not clearly correlate with the observed immunologic 
effect. Despite rapid clearance of the CpG 7909 from the 
circulation, we noted prolonged immunologic effects as 
indicated by an expansion in NK cells and in some cases 
an increase in functional activity as measured by NK- 
mediated lysis and ADCC. This long-term change after 
short-term exposure to CpG ODN is consistent with 
observations in animal models, and is in marked contrast 
to the expected effects of antisense ODN, which seem to 
require prolonged exposure such as that resulting from a 
continuous infusion. Other immunologic adjuvants such 



as IL-2 have also demonstrated expansion in NK-cell 
populations in lymphoma patients and in studies combin- 
ing IL-2 with rituximab, the NK cells were more 
numerous in responding subjects. 38 

Another mechanisms by which CpG ODN could 
mediate lymphoma regression is direct activation-induced 
cell death. We saw no evidence for rapid clinical response 
to CPG 7909 as might be expected from activation- 
induced cell death. One concern leading into this phase I 
trial was that CpG 7909 might actually induce prolifera- 
tion or apoptosis resistance of malignant B cells, as it does 
benign B cells. 16 This effect has been less clear in 
preclinical studies with malignant B cells. 23 A number 
of subjects in the current study experienced progression of 
their lymphoma on CPG 7909 therapy, but these were 
subjects with disease that was progressing at the time of 
enrollment, and there was no observed acceleration in 
disease progression. No subjects with relatively quiescent 
disease before enrollment had rapid growth of tumor 
after exposure to CPG 7909. CpG ODN also induces 
benign B cells to secrete immunoglobulin. 16 Careful 
evaluation of serum immunoglobulins in the serum 
obtained after CpG ODN therapy in this trial demon- 
strated no evidence for an increase in detectable 
polyclonal immunoglobulins or detectable monoclonal 
gammopathy after CpG ODN therapy, even in those 
subjects with small monoclonal spikes before therapy. 
Thus, the direct, short-term effect of single-agent CPG 
7909 on disease progression, disease regression, or 
immunoglobulin production by the malignant clone, 
seems to be limited. 

We now know that CpG ODNs are not all 
alike. 18 ' 25,39 A-Class CpG ODNs have a primary effect 
of inducing IFNa production by PDCs and secondarily 
activate NK cells, but have little direct effect on B cells. In 
contrast, B-Class CpG ODNs, such as the CPG 7909, 
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have broader immunologic effects. They activate B cells 
and plasmacytoid DC directly, but in most models induce 
much less IFN-a production as a result of which the 
secondary activation of NK cells is less pronounced than 
that seen with A-Class CpG. Interestingly, 1018 ISS— a 
B-Class CpG ODN studied in humans up-regulated 
expression of inducible genes in a pattern to suggest 
much of the biologic activity in vivo is mediated by type 1 
IFNs. 20 Recently, several groups of investigators have 
described C-Class CpG ODNs, which have intermediate 
effects between the A-Class and B-Class, inducing higher 
levels of IFN-a secretion compared with the B-Class, but 
are weaker than A-Class. 40 ^ As a B-Class ODN, CPG 
7909 therefore would be expected to directly stimulate the 
TLR9-expressing NHL cells to up-regulate costimulatory 
molecule expression, and expression of CD20, which 
should make them more immunogenic. However, it could 
be argued that A or C-Class CpG would be more 
attractive to combine with moabs given the growing 
evidence that NK cells play a central role in mediating the 
antitumor activity of such antibodies. In preclinical 
models with B-Class ODNs, we found both PMN and 
NK cells contribute to optimal ADCC. 25 The in vitro 
ADCC assay used in the current study did not include 
PMN which may, in part, explain our inability to detect 
consistent ADCC across dose levels and in future studies 
it would be desirable to perform these assays using whole 
blood. 

Moabs have significant antitumor activity in a 
number of human tumors, most notably lymphoma. 
Although moabs are well tolerated, their antitumor 
activity even in the best of circumstances is variable, 
incomplete, and transient. Several lines of investigation 
are underway to build upon the successes to date 
including the use of adjuvant therapies designed to 
augment the immunotherapeutic potential of moabs. 
These have been most extensively evaluated in lymphoma 
settings and include the addition of IFN, granulocyte 
macrophage-colony stimulating factor, IL-2, and IL-12 to 
moab. Each of these approaches is predicated on the 
attempt to augment the potency of effector cells thought 
to be important in moab therapy. Ultimate success in this 
line of investigation will depend upon the ability to 
harness and augment the therapeutic attributes of 
immune activation while minimizing the toxic attributes. 
The apparent lack of significant toxicity, and some 
evidence for enhanced NK-cell numbers, NK activity, 
ADCC, makes the combination of CpG ODN and moab 
an attractive approach to trying to enhance the efficacy of 
moab therapy. 

In summary, preclinical evaluation suggests that 
CpG ODNs enhance NK-cell activity and ADCC, 
increase expression of costimulatory molecules by the 
malignant B cells and increase expression of CD20. The 
phase I trial presented here is the first to demonstrate 
changes in NK populations and to a lesser extent ADCC 
in patients with cancer and confirms that CpG 7909 can 
be delivered safely in patients with lymphoma as a 2-hour 
infusion. Subjects studied at doses of 0.64mg/kg or higher 



should be observed carefully for hematologic toxicity. 
Future dose finding studies of CpG 7909 or similar agents 
should include attention to NK-cell number and activity 
as a measure of biologic activity. Further studies are 
necessary to determine whether immune stimulation, 
alone or in combination with other treatments, will have 
beneficial therapeutic effects for patients. 
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